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Directly Modulated Optical Module and 
Method for Driving Semiconductor Laser Included Therein 

BACKGROUND OF THE INVENTION 
The present invention relates to a directly modulated optical module. FIG 10 
shows an exemplary configuration of a conventional directly modulated optical module. 
In FIG 10, r is a directly modulated optical module, 2' is a semiconductor laser, 3' is a 
driver circuit which drives the semiconductor laser 2' with a current changed based on a 
transmission signal, 4' is a lens which converges the laser light emitted from the 
semiconductor laser 2', 5' is an optical fiber which transmits the laser light and 7' is a bias 
circuit allowing a bias current to flow into the semiconductor laser 2\ 

In this configuration with the bias current provided by the bias circuit 7', the 
driver circuit 3' drives the semiconductor laser 2' which in turn generates laser light 
depending on the current (hereinafter denoted as the input current as the case may be) 
entered fi-om the driver circuit 3'. This laser light is converged by the lens 4' and then 
goes into the optical fiber 5' as an optical signal for transmitting information. FIG 11(a) 
shows an example of the waveform of the aforementioned input current 20. FIG 11(b) 
shows an example of the waveform of the optical output (laser light output) 21 emitted 
from the semiconductor laser 2\ FIG 11(c) shows an example of the eye pattern 
waveform formed by superimposing the optical output at intervals of one bit data period 
through a filter determined according to an optical waveform evaluation standard for 
optical transmission equipment. In the prior art, as shown, the driver circuit 3' outputs 
such a trapezoidal waveform that the rise time of the input current 20 is almost same as the 
fall time, that is, the rate of change in the rise time is almost the same as the rate of change 
in the fall time (FIG 1 1(a)). Since the semiconductor laser 2' has relaxation oscillation 
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when turned on, the waveform of the optical output 21 shows ringing at the rising edge 
and rises sharper than falls (FIG 1 1 (b)). If the ringing is large, it may be impossible to 
remove the ringing even through the filter determined by the optical waveform evaluation 
standard, leading to a deterioration of the eye opening. Thus, a technique has been 
devised which adds feed forward circuitry to the driver circuit in order to enlarge the eye 
opening by suppressing the ringing of the optical output waveform, as disclosed in 
Japanese Patent Laid-open No . U -2 1 478 1 . 

Further, another method intends to allow the drive current waveform to sharply 
fall while suppressing the ringing of the optical output waveform at the rising edge as 
disclosed in Japanese Patent Laid-open No. 2003-17800. Japanese Patent Laid-open No. 
2003-17800 is not necessarily prior art to the invention described and claimed herein. 
That document is discussed herein only as providing information related to this application. 
In the laid-open document, the driver circuit comprises transistor and resistor 
combinations which are selectively used in order to supply a pulsed current waveform 
whose rising edge consists of a predetermined number of appropriate steps 

In the case of the conventional drive circuit which outputs a drive current whose 
waveform is designed to rise and fall in the same length of time, making sharper the 
falling edge of the optical output of the semiconductor laser 2' in order to improve the eye 
opening results inevitably in making the rising edge sharper too. Making the rising edge 
sharper enlarges the relaxation oscillation 21b (ringing) at the rising edge, which makes 
the eye opening of the eye pattern waveform smaller and the transmission distance shorter. 

Conversely, making the rise time of the input 20 longer, i.e., making the rising 
edge more gradual (lowering the rate of change in the rise time), makes the fall time 2 Id 
of the optical output waveform longer and the falling edge more gradual although the 
ringing at the rising edge is reduced. This may cause interference with the adjacent data. 
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which makes it impossible to realize a required transmission rate, for example, lOG bps. 

In addition, the ringing at the rising edge is dependent on the amount of rising 
(amplitude) as well as the rising sharpness (the rate of change in the rise time). This 
means that the ringing can also be decreased by dividing the rising edge into a 
predetermined nimiber of steps of small ampUtudes and imposing a settlement period after 
each rising step as described in the above-cited Japanese Patent Laid-open No. 2003- 
17800. The ringing due to the last rising step can be suppressed by this method. 

In this method described in the above-cited Japanese Patent Laid-open No. 2003- 
17800, however, since each rising step of the input current is a rectangular waveform 
having a sharp rising edge, the respective steps cause ringing which is superimposed at the 
rising edge of the waveform of the optical output, resulting in deteriorating the eye 
opening. If the rising edge is divided more finely so as not to deteriorate the eye opening, 
it is inevitable to not only enlarge the scale of the driver circuit but also control the driver 
circuit at an unreaUstic speed. For example, for lOG bps transmission, since the rise time 
must be set to 20 to 30 ps, dividing the rise time into several steps makes it necessary to 
control the circuit within 10 ps. 

In addition, the methods disclosed in Japanese Paten Laid-open No. 11-214781 
and Japanese Patent Laid-open No. 2003-17800 have a common problem which also 
deteriorates the eye opening as described below. 

Following a transient period (a portion 21b of the waveform) in which the optical 
intensity falls due to a ringing caused by the relaxation oscillation, the optical output 
waveform of the semiconductor laser 2' rises gradually to the peak. In the prior art, this 
factor also causes the eye opening to deteriorate. 

This invention extends the transmission distance of a directly modulated optical 
module by enlarging the eye opening. In particular, the present invention is intended to 
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extend the transmission distance of an optical transmission module for 10 Gbps or higher 
rate transmission. 

SUMMARY OF THE INVENTION 

A directly modulated optical module uses a driver IC characterized in that the 
drive current output from the driver IC to a semiconductor laser has a trapezoidal 
waveform in which a rate of change in the fall time is greater than a rate of change in the 
rise time. By providing such a trapezoidal waveform of current to the semiconductor 
laser, it is possible to make ringing smaller and a transmission distance longer. 

A directly modulated optical module uses a driver IC characterized in that the 
drive current output from the driver IC to a semiconductor laser has a waveform which 
overshoots at the rising edge. By providing such the waveform of current which rises 
beyond the steady state level in the ringing transient period following the rising edge so as 
to raise the optical output in this transient period, it is possible to enlarge the eye opening 
and therefore extend the transmission distance. 

Preferably, in the above-mentioned driver circuits, the rate of change in the rise 
time and the rate of change in the fall time satisfy the relation of "rise time"/"fall time" □ 
1.3. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a conceptual diagram of a directly modulated optical module according 
to a first embodiment; 

FIGS. 2(a), 2(b) and 2(c) are respective exemplary diagrams showing the 
respective waveforms of an input current to a semiconductor laser in the directly 
modulated optical module of FIG 1, an optical output of the same semiconductor laser and 
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an eye pattern of the same semiconductor laser; 

FIG 3 shows the configuration of a driver circuit combined with a control circuit 
capable of adjusting the rise time of the input current in accordance with a second 
embodiment; 

FIGS. 4(a) and 4(b) show the respective examples of operating waveforms in the 
configuration of FIG 3; 

FIG 5 shows the configuration of a driver circuit combined with a control circuit 
capable of adjusting the rise time of the input current in accordance with a third 
embodiment; 

FIG 6 shows the configuration of a driver circuit combined with a control circuit 
capable of adjusting the rise time of the input current in accordance with a fourth 
embodiment; 

FIGS. 7(a), 7(b) and 7(c) show the respective examples of operating waveforms 
in the configuration of FIG 6; 

FIG 8 shows the configuration of a driver circuit combined with a control circuit 
capable of adjusting the overshoot of the input current in accordance with a fifth 
embodiment; 

FIGS. 9(a), 9(b) and 9(c) show the respective examples of operating waveforms 
in the configuration of FIG 8; 

FIG 10 shows an example of the configuration of a conventional directly 
modulated optical module; and 

FIGS. 11(a), 11(b) and 11(c) show the respective examples of operating 
waveforms in a conventional directly modulated optical module. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
The following describes embodiments of the present invention with reference to 
the drawings. 

FIG 1 is a conceptual diagram of an optical module. In FIG 1, reference 
numeral 1 is a directly modulated optical module, 2 is a semiconductor laser which 
outputs laser light modulated depending on the input current, and 3 is a driver circuit as a 
drive current output means for forming and outputting a supply current to the 
semiconductor laser 2. Reference numeral 4 is a lens to converge the hght emitted from 
the semiconductor laser 2, and 5 is an optical fiber which transmits laser light. Reference 
numeral 7 is a bias circuit which allows a bias current to flow through the semiconductor 
laser 2, and 8 is a control circuit as a control means which acts on the drive circuit 3 to 
control the characteristics of the input current. Reference numeral 9 is a time setting 
circuit which in the control circuit 8, sets a rate of change in rise time and a rate of change 
in fall time according to rise time and fall time, respectively. Lastly, reference numeral 
10 is an overshoot setting circuit which also in the control circuit 8, sets the overshoot 
characteristic (increase in the amplitude of the input current) of the input current at the 
rising edge. The driver circuit 3, bias circuit 7 and control circuit 8 constitutes a laser 
control and drive circuit. 

With the bias current supplied &dm the bias circuit 7, the semiconductor laser 2 is 
driven by the input current supplied from the driver circuit 3 and outputs laser light which 
is modulated depending on the input current. 

Note that it is assumed that the semiconductor laser used in this embodiment 
exhibits the same response as shown in FIG. 11(b) if the waveform of the input current has 
almost no difference between its rates of changes in rise time and fall time (this means 
"the rate of change in rise time"/"the rate of change in fall time" is not greater than 1 .0 
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ideally or not greater than 1.1 if fluctuations of the signal characteristics and so on are 
taken into consideration), that is, the optical power has relaxation oscillation 21b at the 
time of rising and then rises gradually to a certain level (21c), the optical power rises 
faster than falls due to the relaxation oscillation 21b, and making the rise time of the input 
current shorter enlarges the relaxation oscillation 21b. 

The driver circuit 3 forms the input current modulated imder control of a 
transmission signal. Further, the driver circuit 3 is controlled by the control circuit 8 so 
as to set the respective rates of changes in the rise time and fall time of the input current 
according to the respective rising and fall time. The time setting circuit 9 in the control 
circuit 8 sets the rise time and fall time of the input current in such a manner that the fall 
time is shorter than the rise time, that is, the rate of change in fall time is larger than that in 
rise time. 

In addition, the overshoot setting .circuit 10 in the control circuit 8 sets the 
characteristics of the input current so as to have an overshoot at the rising edge, that is, so 
as to rise beyond the peak value at least dimng the period of the transient state. It is 
possible to keep this setting effective during the 1 bit data period imtil the falling is 
complete. 

By setting the rate of change in the fall time of the input current larger than that in 
the rise time as mentioned above, it is possible to prevent the eye opening from 
deteriorating due to lack of the rate of change in the fall time, which improves the eye 
opening and therefore extends the transmission length. 

In addition, by setting the input current so as to have an overshoot, it is possible 
to improve the eye opening and therefore extends the transmission length. 

Note that in other words, improving the eye opening is to increase the margin to 
the mask specification for the eye pattem waveform. 
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The laser light emitted from the semiconductor laser 2 is converged by the lens 4 
for incidence into the optical fiber 5 as an optical signal for transmitting information. 

FIG 2(a) shows an example of the waveform of the input current which is output 
from the driver circuit 3 of FIG 1 . FIG 2(b) shows an example of the waveform of the 
optical output (laser light output) emitted from the semiconductor laser 2 of FIG 1. FIG 
2(c) shows an example of the eye pattern waveform formed by superimposing the optical 
output at intervals of one bit data period through a filter. 

In FIG 2, 30 is the waveform of the input current, 30a, 30b and 30c are the rise 
time, overshoot time and fall time of the input current, respectively. Reference numeral 
31 is the waveform of the optical output, 31a, 31b and 31c are the rise time, relaxation 
oscillation time (ringing transient period) and fall time of the optical output, respectively, 
and 32 is a mask specification for the eye pattem waveform. 

In the input current waveform 30, the fall time 30c is set so as to make the fall 
time 31c of the optical output waveform 3 1 enough short while the rise time 30a is set so 
as to make the relaxation oscillation time 31b of the optical output waveform 31 not 
influential on the eye pattem waveform. Accordingly, the fall time 30c and rise time 30a 
are set in such a manner that the fall time 30c is shorter than the rise time 30a and "the rate 
of change in rise time'7"the rate of change in fall time" becomes equal to or greater than 
1.3. The overshoot of the input current waveform 30 may be set so as to make the 
average voltage of the optical output waveform 31 during the relaxation oscillation time 
31b almost equal to the amplitude. For example, a lOG bps directly modulated optical 
module could conceivably be configured by setting "rise time'V^fall time" in the definition 
of 20 to 80% to "fall time" □ 15 x 10'^^ s and ("rise time" - "fall time") □ 14 x 10"*^ s and 
by setting the overshoot of the input current waveform 30 so as to make the average 
voltage of the optical output waveform 30 during the relaxation oscillation time 31b 
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almost equal to the amplitude. 

FIG 3 shows a control circuit and a driver circuit, according to a second 
embodiment, which are configured so as to allow the rise time of the input current to be 
adjusted. FIG 4 shows its operation waveforms. 

In FIG 3, 3a is a driver circuit, 2a is a data signal input terminal, and 2b is an 
opposite phase data signal input terminal. Reference numeral 49 is a waveform shaping 
circuit to shape the input waveform, 45 and 46 are transistors which generate and outputs 
the output current (= input current to the semiconductor laser) of the driver, and 47 is a 
constant current source. Reference numeral 40 is an emitter follower circuit, 41 is a 
transistor allowing a bias current in the emitter follower circuit 40 to flow, and 44 is a 
diode. Reference numeral 48 is a constant voltage source, 8 is a control circuit, 9 is a 
time setting circuit, 50a is a buSer, and 52a is a thermistor. The driver circuit 3a and 
control circuit 8 constitutes a laser control and drive circuit. The transistors 45, 46 and 
constant current source 47 constitutes a differential amplifier circuit. This differential 
ampUfier circuit is driven by the emitter follower circuit 40. The transistor 41 and 
resistor 42 also forms a constant current source. The constant voltage source 48 gives a 
voltage to the base of the transistor 46 of the differential amplifier circuit. The diode 44 
and resistor 43 are connected to the collector of the transistor 45 of the differential 
amplifier circuit in order to simulate the semiconductor laser and dumping resistor 
respectively. In the time setting circuit 9, a voltage obtained by voltage division using 
the resistor 51a an thermistor 52a is converted to an appropriate voltage by the buffer 50a. 

In the emitter follower circuit 40,- while the rise time is determined by the emitter 
resistance of the emitter follower 40 and the parasitic capacitance and mirror capacitance 
which are coupled with the base of the transistor 45, the fall time is determined by the 
current of the constant current source consisting of the transistor 41 and resistor 42. 
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Therefore, it is possible to lengthen the fall time in the emitter follower circuit 40 without 
changing the rise time if the base voltage of the transistor 41 is lowered by the time setting 
circuit 9 to reduce the current of the constant current source. That is, it is possible to 
lengthen only the fall time of the base voltage Vb of the output transistor 45 of the 
differential amplifier circuit (as shown by a solid line 60a in FIG 4(a)). Lengthening the 
fall time of the base voltage Vb of the transistor 45 makes longer the rise time of the input 
current Im which is output from the driver circuit 3 a to the semiconductor laser (as shown 
by a solid line 61a in FIG 4(c)) and therefore makes longer the rise time of the optical 
output waveform of the semiconductor laser. In the time setting circuit 9, the voltage 
obtained by voltage division between the resistor 51a and thermistor 52a is input to the 
buffer 50a. Therefore, as the temperature of the module falls due to changes in the ambient 
temperature and the like, the base voltage of the transistor 41 goes lower to lengthen the 
rise time of the output current (= input current to the semiconductor laser) of the driver 
circuit 3a, namely, make the rate of change in the rise time slower. 

Note that although the thermistor 52 is used to provide a temperature 
characteristic in the configuration of the time setting circuit 9, another device may 
altematively be used. In addition, if no temperature characteristic is needed, the time 
setting circuit 9 may be configured by a constant current source, ordinary resistive divider 
or the like. As for the driver circuit 3a, the waveform shaping circuit 49 may be 
modified so as to receive only one of the data signals 2a and 2b. It is also possible to add, 
for example, a latch circuit and clock input terminal to the waveform shaping circuit 49 so 
as to perform re-timing of the waveform. The diodes 44 and resistor 43 may be omitted 
from the configuration. In addition, the transistors must not be bipolar transistors. For 
example, MOS transistors may be used altematively. 

FIG 5 shows a control circuit and a driver circuit, according to a third 
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embodiment, which are configured so as to allow the rise time of the input current to be 
adjusted. In the third embodiment of configuration, the base of each of the transistors 
forming a differential amplifier circuit is connected to an emitter follower circuit and a 
constant current source which allows a current to flow in the emitter follower circuit. 
FIG 4 shows its operation waveforms. 

In FIG. 5, 3b is a driver circuit, 64 is an emitter follower circuit, 67 is a constant 
voltage source and 65 is a transistor which forms a constant current source with a resistor 
66 and a constant voltage source 67. The driver circuit 3b and the control circuit 8 
constitutes a laser control and drive circuit The other elements are identical to those in 
FIG 3. The signal used as the input to the emitter follower 64 is phase-opposite to the 
input to the emitter follower circuit 40 in FIG 3. The resistor 66 and constant voltage 
source 67 are adjusted so as to make the rise time and fall time of the emitter follower 
circuit 64 approximately equal to each other. 

In the third embodiment, since a signal is applied to the transistor 46 of the 
differential ampUfier circuit, it is possible to shorten both the rise time and fall time. 

FIG 6 shows a driver circuit and a control circuit configured so as to allow a rate 
of change in the rise time of an input current to be adjusted in accordance with a fourth 
embodiment. FIG 7 shows its operation- waveforms. The fourth embodiment uses two 
differential amplifier circuits. 

In FIG 6, 3c is a driver circuit, 70, 71, 78 and 79 are emitter follower circuits, 82 
is a differentiating circuit, 74, 75 and 76 are transistors which form a second differential 
amplifier circuit, and 72, 73, 80 and 81 are constant current sources. The driver circuit 
3c and control circuit 8 constitutes a laser control and drive circuit. The other elements 
are identical to those in FIG. 3. The differentiating circuit 82 detects a rising edge fi-om 
the output of the waveform shaping circuit 49 and generates its differentiated waveform. 
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The emitter follower circuits 78 and 79 drive a first differential amplifier circuit 
comprising the transistors 45 and 46, and the emitter follower circuits 70 and 71 drive the 
second differential amplifier circuit comprising the transistors 74 and 75. The collector 
of the transistor 46 of the first differential amplifier circuit and the collector of the 
transistor 75 of the second differential amplifier circuit are connected with each other. 
FIG 7(a) shows the waveform of the collector current 85 in the transistor 46 of the first 
differential amplifier circuit, FIG 7(b) shows the waveform of the collector current 86 in 
the transistor 75 in the second differential amplifier circuit and FIG 7(c) is the waveform 
of the current 87 output from the driver circuit 3c (input current supplied to the 
semiconductor laser). Since the current 87 is the sum of the collector current 85 and 
collector current 86, only the rise time is lengthened. In addition, since the amplitude of 
the collector current 86 in the transistor 75 is determined by the base voltage of the 
transistor 76 of the constant current source for the second differential amplifier circuit, it is 
possible to adjust the rate of change in the rise time by applying the output of the time 
setting circuit 9 to the base of the transistor 76. 

FIG 8 shows a control circuit and a driver circuit configured so as to allow 
adjustment of the overshoot characteristic of the input current at the rising edge in 
accordance with a fifth embodiment. FIG 9 shows its operation waveforms. This 
embodiment uses two differential amplifier circuits. 

In FIG 8, 3d is a driver circuit, 90, 91, 98 and 99 are emitter follower circuits, 
102 is a pulse generation circuit, 94, 95 and 96 are transistors which forms a second 
differential ampUfier circuit, 92, 93, 100 and 101 are constant current sources and 10 is an 
overshoot setting circuit. The driver circuit 3d and control circuit 8 constitute a laser 
control and drive circuit. The other elements are identical to those in FIG 3. The pulse 
circuit 102 detects a rising edge from the output of the waveform shaping circuit 49 and 
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generates a pulse having a predetermined width. This pulse width is determined so as to 
match the rising waveform of the semiconductor laser by gradually increasing the 
amplitude by use of the intemal delay circuit of the pulse generation circuit 102, By 
inputting a clock signal to the driver circuit 3d, this pulse may also be formed in such a 
manner that the pulse width is made equal to one to several cycles of the clock. The 
emitter follower circuits 98 and 99 drive a first differential amplifier circuit comprising the 
transistors 45 and 46 and the emitter follower circuits 90 and 91 drive the second 
differential ampUfier circuit comprising the transistors 94 and 95. The collector of the 
transistor 46 of the first differential amplifier circuit and the collector of the transistor 95 
of the second differential amplifier circuit are connected with each other. In the 
overshoot setting circuit 10, a voltage obtained by voltage division between the resistor 
51b and thermistor 52b is converted by a buffer 50b to an appropriate voltage. FIG 9(a) 
shows the waveform of the collector current 105 in the transistor 46 of the first differential 
amphfier circuit, FIG 9(b) shows the waveform of the collector cxurent 106 in the 
transistor 95 in the second differential amplifier circuit and FIG 9(c) is the waveform of 
the current 107 output from the driver circuit 3d (input current supplied to the 
semiconductor laser). Since the current 107 is the sum of the collector current 105 and 
collector current 106, an overshoot characteristic is added to the rising edge. In addition, 
since the amplitude of the collector current 106 in the transistor 75 is determined by the 
base voltage of the transistor 96 of the constant current source for the second differential 
amplifier circuit, it is possible to adjust the overshoot by applying the output of the 
overshoot setting circuit 10 to the base of the transistor 96. 

Note that although the embodiments of FIGS. 3 through 7 are configured so as to 
control the rate of change in the rise time, the present invention is not limited to these 
configurations. These embodiments can be modified so as to control either the fall time 
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or both the rise time and fall time. In addition, although the embodiment of FIGS. 8 and 
9 is configured so as to control only the rising overshoot, this embodiment can be 
modified so as to control not only the rising overshoot but also the rise time and/or fall 
time. Further, the control circuit 8, driver circuit and bias circuit 7 may all be combined 
and configured as a single circuit. It is also possible to combine any two of them and 
configure the combination and the remaining one as separate circuits. Likewise, they 
may be combined and configured either as a single IC (Integrated Circuit) chip or separate 
IC chips. It is also possible to configure each of them as a single IC chip. 

According to the present invention, it is possible to extend the transmission 
distance of a directly modulated optical module since the directly modulated optical 
module can improve the eye opening of its optical output waveform. 

The present invention can be implemented by other embodiments differing fi-om 
the aforementioned embodiments without departing from the spirit and major features of 
the present invention. Thus, in every respect, the aforementioned embodiments are 
merely examples of implementing the present invention and should not limit the present 
invention to the particular forms. The scope of the present invention is clarified by the 
appended claims. Further, the present invention is to cover all modifications and changes 
falling within the range of any equivalent to the claims. 
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